Allohahella marinimesophila gen. nov., sp. nov., isolated from seawater and reclassification of Hahella antarctica as Allohahella antarctica comb. nov. A Gram-stain-negative, non-endospore-forming, strictly aerobic, irregular rod-shaped bacterium without flagellum, designated strain H94 T , was isolated by the high-throughput cultivation method from seawater of an amphioxus breeding zone in the coastal region of Qingdao, China.
presence of 1-12 % (w/v) NaCl (optimum 1-2 %). The predominant cellular fatty acids were C 18 : 1 !9c, C 16 : 0 and C 16 : 1 !9c. The polar lipids comprised phosphatidylethanolamine, phosphatidylglycerol and an unidentified phosphoglycolipid. The major respiratory quinone was ubiquinone-9 (Q-9). The genomic DNA G+C content of strain H94 T was 56.2 mol%.
Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain H94 T shared the highest similarity (95.9 %) with Hahella antarctica NBRC 102683 T , and exhibited 92.9 % and 92.1 % similarity with the two other recognized Hahella species, Hahella chejuensis KCTC 2396 T and Hahella ganghwensis DSM 17046 T , respectively. The phylogenetic position revealed that strain H94
T formed a stable distinct lineage cluster together with Hahella antarctica NBRC 102683 T and this result was further confirmed by multilocus sequence analysis based on housekeeping genes gyrB and rpoB. On the basis of the polyphasic taxonomic analyses, strain H94 T is considered to represent a novel species in a new genus, for which the name Allohahella marinimesophila gen. nov., sp. nov. is proposed. The family Hahellaceae belongs to the order Oceanospirillales, within the class Gammaproteobacteria, and was circumscribed in 2005 on the basis of phylogenetic analysis of 16S rRNA gene sequences (Garrity et al., 2005) . Five genera have been assigned to the family Hahellaceae: the type genus Hahella (Lee et al., 2001) , Zooshikella (Yi et al., 2003) , Halospina (Sorokin et al., 2006) , Endozoicomonas (Kurahashi & Yokota, 2007) and Kistimonas (Choi et al., 2010) . At the time of writing, the family Hahellaceae contains 14 species. All known species of this family are Gram-stain-negative, rod-shaped, with an absolute NaCl requirement for growth, and there are even some extremely halophilic species, such as Halospina denitrificans. Growth occurs aerobically, although some species are facultative anaerobes, for example Endozoicomonas euniceicola, Endozoicomonas gorgoniicola and Kistimonas scapharcae. The type genus, Hahella, first proposed by Lee et al. (2001) but with the description later emended by Baik et al. (2005) , contains three species with validly published names: the type species Hahella chejuensis (Lee et al., 2001) , Hahella ganghwensis (Baik et al., 2005) and Hahella antarctica (Lee et al., 2008 All members of the genus Hahella have been isolated from the marine environment, are rod-shaped, and require sea salts or NaCl for growth. Reduction of nitrate to nitrite is variable. The DNA G+C content of the genus Hahella is between 44.0mol% and 56.2 mol%. In this study, a novel bacterium, designated strain H94 T , was isolated from seawater of an amphioxus breeding zone in Qingdao, China. The data from the present polyphasic taxonomic study indicates that strain H94
T represents a novel species of a new genus, Allohahella gen. nov., and reclassification of H. antarctica to the new genus is also proposed.
A seawater sample (about 10 m deep) was collected in November 2009 from an amphioxus breeding zone (36 5¢ N 120 32¢ E), located two miles offshore, in the coastal region of the Yellow Sea, China. The cultivation of microorganisms was carried out using a modified gel microbead cultivation method (Zengler et al., 2002; Ji et al., 2012) . The individual microcolony-forming gel microbead was picked out by flow cytometry and then sorted into 96-well microtitre plates filled with marine R2A broth (per litre: 0.5 g yeast extract, 0.5 g proteose peptone, 0.5 g Casamino acids, 0.5 g dextrose, 0.5 g soluble starch, 0.3 g sodium pyruvate, 75 % seawater; Suzuki et al., 1997 T .
Gram staining and flagella staining were investigated using standard methods (Tindall et al., 2007) . Cell morphology was examined by light microscopy (CX; Olympus) and transmission electron microscopy (JEM-1200EX; JEOL) on cells previously negatively stained with 1 % (w/v) phosphotungstic acid (Tindall et al., 2007) . Gliding motility was investigated using the hanging-drop method (Hu & Li, 2007) . To test anaerobic growth, strain H94 T was cultured at 28 C for 1 month on MA with resazurin (0.02 %, w/v) added as an indicator of anaerobic conditions. Inoculated plates were incubated in an anaerobic jar filled with nitrogen and a bag of AneroPack-Anaero (Mitsibishi Gas Chemical). Growth at various NaCl concentrations was examined using marine broth (MB; Becton Dickinson) containing appropriate concentrations of NaCl (0-15 %, in steps of 1 % unit; w/v). Growth at pH 2.0-10.0 (at 1 pH unit intervals) was determined in MB by using appropriate biological buffer systems: citrate/phosphate (pH 2.0-7.0), Tris/HCl (pH 8.0-9.0) (Breznak & Costilow, 1994) and sodium carbonate/sodium bicarbonate (pH 10.0). Optimal NaCl conditions for growth and the pH range were tested by growing the strain in 96-well microplates and measuring the optical densities at 590 nm. The temperature range for growth was determined by incubating the cultures at 4-42 C (4, 16, 28, 37 and 42 C) for 7 days in MB, and at 0 C for 30 days on MA. Catalase activity was evaluated by the production of oxygen bubbles in 3 % (v/v) H 2 O 2 solution and oxidase activity was determined by a chromogenic reaction through the oxidation of 1 % (w/v) N,N,N¢, N¢-tetramethyl-1, 4-phenylenediamine solution. Hydrolysis of alginate, casein, starch, gelatin, chitin and Tweens 20, 40 and 80 was determined using suitably modified MA plates (Tindall et al., 2007) . DNase activity was determined by using DNase agar (Qingdao Hope Bio-technology) prepared with sterile seawater. Activities of constitutive enzymes and other physiological properties were performed using the API ZYM, API 20E, API 20NE and API 50CH strips (bioM erieux) and Gram-negative MicroPlates kit (Biolog GN2) according to the manufacturers' instructions except that the inocula were prepared by suspending cells in sterile seawater. In the API 20E/20NE strips, positive results were found for urease, b-galactosidase, tryptophan desaminase and fermentation of D-glucose, and negative results for Voges-Proskauer test, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, nitrate reduction, production of indole and H 2 S, hydrolysis of aesculin and assimilation of arabinose, mannose, mannitol, N-acetyl-glucosamine, maltose, gluconate, adipate, malate, citrate, phenyl-acetate, L-rhamnose, D-sorbitol, sucrose, melibiose and amygdalin. In the API ZYM tests, alkaline phosphatase, esterase (C4), esterase lipase (C8) and a-glucosidase activities were present; lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphoamidase, a-galactosidase, b-glucuronidase, b-glucosidase, a-mannosidase, a-fucosidase and N-acetyl-b-glucosaminidase activities were absent. According to Biolog GN2 results, the following carbon sources could be oxidized: a-ketobutyric acid, a-ketovaleric acid, bromosuccinic acid, L-alaninamide, D-alanine, L-histidine, urocanic acid, L-glutamic acid, thymidine, D,L-a-glycerol phosphate, glucose 1-phosphate, glucose 6-phosphate, N-acetyl-D-galactosamine, a-hydroxybutyric acid, L-pyroglutamic acid and inosine. Susceptibility to antibiotics was investigated by the agar diffusion method using filter discs containing antibiotics (Driscoll et al., 2012) . Strain H94
T was susceptible to (µg per disc unless otherwise stated) gentamicin (10), ceftazidime (30), polymyxin B (300 IU), ciprofloxacin (5), norfloxacin (10), rocephin (30), cotrimoxazole (1.25/23.75), furazolidone (300), chloramphenicol (30), ampicillin (10), cephalosporin V (30), piperacillin (100), erythromycin (15), cefoperazone (75), rifampicin (5), netilmicin (30), trimethoprim (5), kanamycin (30), benzylpenicillin (100), ofloxacin (5), neomycin (30) and tobramycin (10), but resistant to amikacin (30), cefuroxime (30), novobiocin (30) and streptomycin (10). The phenotypic characteristics of strain H94 T are given in Table 1 , Figs 1 and S1 (available in the online Supplementary Material) and the species description.
The 16S rRNA gene was amplified by PCR using the universal bacterial primers B8F (5¢-AGAGTTTGATCCTGGCT-CAG-3¢) and B1510 (5¢-GGTTACCTTGTTACGACTT-3¢) (Liu & Shao, 2005) . Multilocus sequence analysis based on partial sequences of two housekeeping genes, gyrB (DNA gyrase, B subunit) and rpoB (RNA polymerase, beta subunit), were amplified and sequenced for further identification and classification of strain H94
T . The selected protein-encoding genes were widely distributed among taxa, and had a relatively high degree of conservation (Zeigler, 2003) . To design primers for PCR amplification and sequencing of housekeeping genes, the corresponding sequences derived from the whole-genome sequences of related members of the family were used: H. chejuensis (Jeong et al., 2005) , H. ganghwensis (Tatusova et al., 2013) , Zooshikella ganghwensis (Tatusova et al., 2013) , Endozoicomonas elysicola (Tatusova et al., 2013) , Endozoicomonas montiporae (Tatusova et al., 2013) and Endozoicomonas numazuensis (Tatusova et al., 2013) . The sequences of the gyrB and rpoB genes were aligned and compared using 
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CLUSTAL X (Thompson et al., 1997) to identify conserved regions. Then suitable primers were designed using Primer Premier 5 (Lalitha, 2000) . The primers and the PCR cycling conditions are detailed in Table S1 . The 16S rRNA, gyrB and rpoB gene sequences were submitted to GenBank/ EMBL/DDBJ. The identification of phylogenetic neighbours and the calculation of pairwise 16S rRNA gene sequence similarities were achieved using the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Both 16S rRNA and housekeeping gene sequences were aligned by CLUSTAL X (Thompson et al., 1997) , and phylogenetic analysis was performed using the software package MEGA version 5.0 (Tamura et al., 2007) . Phylogenetic trees were reconstructed by using the neighbour-joining, maximumlikelihood and maximum-parsimony algorithms and the genetic distances were calculated by the Kimura twoparameter model (Kimura, 1980) for the first two trees. Bootstrap analysis of the tree topologies was performed by using 1000 replications.
Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain H94 T showed the highest pairwise similarity to H. antarctica NBRC 102683 T (95.9 %), followed by H. chejuensis KCTC 2396 T (92.9 %) and H. ganghwensis DSM 17046 T (92.1 %). The neighbour-joining tree ( Fig. 1 T were harvested from MA plates after incubation at 28 C for 2-3 days until they reached the late-exponential phase according to the four quadrants streak method (Sasser, 1990) . Fatty acid methyl esters were prepared and analysed according to the standard protocol of MIDI (Sherlock Microbial Identification System, version 6.0), and identified by the TSBA6.0 database of the Microbial Identification System (Sasser, 1990 T were extracted with chloroform/ methanol (2 : 1, v/v), separated by TLC and identified by HPLC as described by Xie & Yokota (2003) . Genomic DNA of strain H94
T was extracted by standard methods (Weisburg et al., 1991; Ausubel et al., 1995) . Polar lipids were extracted according to Minnikin et al. (1984) , separated by two-dimensional TLC on silica gel 60 F254 plates (Merck) using chloroform/methanol/water (65 : 25 : 4, by vol.) for the first dimension and chloroform/methanol/ acetic acid/water (80 : 12 : 15 : 4, by vol.) for the second dimension (Collins & Shah, 1984) . The identification of individual lipids was performed by spraying with the appropriate detection reagents (Komagata & Suzuki, 1987) . The chromosomal DNA G+C content of strain H94
T was determined according to the method described by Mesbah & Whitman (1989) using reversed-phase HPLC.
The predominant cellular fatty acids of strain H94
T were C 18 : 1 !9c (34.3 %), C 16 : 0 (25.2 %) and C 16 : 1 !9c (10.3 %), while for the type species H. chejuensis KCTC 2396 T they were summed feature 3 (18.4 %), C 16 : 0 (13.2 %), C 18 : 1 !9c (11.4 %) and C 17 : 0 10-methyl (10.4 %), and the profiles clearly differed in composition and the proportion of some components (Table S2 ). The isoprenoid quinones detected in strain H94
T were quinone 9 (Q-9, 91 %) and quinone 8 (Q-8, 9 %). Note that its closest phylogenetically related neighbour, H. antarctica NBRC 102683 T , contained only Q-9 as a major respiratory quinone (Lee et al., 2008) , while menaquinone MK-7 was present in the other two species of the genus Hahella. The polar lipid compositions of strain H94
T and the three reference strains were similar, with phosphatidylethanolamine and phosphatidylglycerol as major components (Fig. S2) , a profile shared with other reported members of the family Hahellaceae. The genomic DNA G+C contents of strain H94
T and H. antarctica NBRC 102683 T were 56.2 mol% and 56.4 mol% (Lee et al., 2008) , respectively. By contrast, the type strains of the other species of the genus Hahella exhibited relatively lower DNA G+C contents of 49.2-53.9 mol% (Baik et al., 2005) .
According to the 16S rRNA and housekeeping gene-based phylogeny, strain H94
T formed a close clade with H. antarctica NBRC 102683 T , while the other members of the genus Hahella formed another clade. The low similarity ( 93 %) between these two clades suggested that it was not adequate to place strain H94 T and H. antarctica NBRC 102683 T in the genus Hahella (Fig. 1) . In addition, H. antarctica NBRC 102683
T has phenotypic features distinct from the other two members of the genus Hahella, including the temperature range for growth, oxidase activity, facultative anaerobic growth with no flagella, major respiratory quinone and the proportions of major fatty acids (Table S2 ). In addition, strain H94
T and H. antarctica NBRC 102683
T were able to grow at 4 C, were irregular rod-shaped with no flagellum, were negative for hydrolysis of gelatin, and oxidized bromosuccinc acid and L-histidine. Furthermore, Q-9 was the major respiratory quinone for both strain H94
T and H. antarctica NBRC 102683 T , while MK-7 was present in the other two species. In addition, strain H94
T had a similar G+C content and an unidentified phosphoglycolipid (PGL) present in their polar lipid profiles. The above results indicate that H. antarctica NBRC 102683 T should be reclassified as a member of a new genus, which includes the novel strain H94
T . However, strain H94
T showed high sequence divergence from its relative H. antarctica, which was enough for it to be regarded as a representative of a different species. Phenotypically, the abundance of C 18 : 1 !9c and its motility differentiated it from H. antarctica (Table S2 ). On the basis of these results, we suggest that strain H94
T represents a novel species of a new genus, for which the name Allohahella marinimesophila gen. nov., sp. nov. is proposed. We also propose the reclassification of H. antarctica as Allohahella antarctica comb. nov.
Description of Allohahella gen. nov. Allohahella (Al.lo.ha.hel¢la. Gr. adj. allos another, the other; N.L. fem. n. Hahella a bacterial generic name; N.L. fem.n. Allohahella the other Hahella, an organism that is phylogenetically close to Hahella but chemotaxonomically distinct).
Gram-stain-negative, irregular rod-shaped with no flagella, aerobic or facultatively anaerobic, and grow at 4 C. Negative for oxidase and positive for catalase. The predominant ubiquinone is Q-9, and Q-8 is also present in some species. The major polar lipids are phosphatidylethanolamine and phosphatidylglycerol. Phylogenetically, the genus belongs to the family Hahellaceae within the class Gammaproteobacteria. The DNA G+C content is 56-57 mol%. The type species is Allohahella antarctica. Description of Allohahella antarctica comb. nov.
Allohahella antarctica (basonym, Hahella antarctica Lee et al., 2008) . The description is identical to that given for Hahella antarctica by Lee et al. (2008) . The type strain, IMCC 3113 T (=KCCM 42675 T =NBRC 102683 T ), was isolated from a surface seawater sample from Maxwell Bay, King George Island, western Antarctica.
Description of Allohahella marinimesophila sp. nov.
Allohahella marinimesophila (ma.ri.ni.me.so¢phi.la. L. adj. marinus marine; N.L. adj. mesophilus mesophilic; N.L. fem. adj. marinimesophila referring to the fact that the type strain was isolated from marine environment and is mesophilic).
Cells are Gram-stain-negative, non-endospore-forming, strictly aerobic, irregular rod-shaped with no flagella, 0.55-0.65 µm in width by 1.6-1.8 µm in length and motile by gliding. Colonies on MA are cream-coloured, concave and circular with non-entire margin and 1-2 mm in diameter after 2 days of incubation at 28 C. Growth occurs at 4-37 C with an optimum temperature at 28 C. The pH range for growth is 6.0-10.0 (optimum pH 7.0). Growth is observed at NaCl concentrations (w/v) of 1-12 % along with the optimum value of 1-2 %. Catalase is positive while oxidase, DNase, alginase and hydrolysis of casein are negative. Tween 80 can be degraded, but gelatin, starch, chitin and Tween 20 cannot. The major respiratory quinone is Q-9. The predominant cellular fatty acids (>10 % of the total fatty acids) are C 18 : 1 !9c, C 16 : 0 and C 16 : 1 !9c. The polar lipids comprise phosphatidylethanolamine, phosphatidylglycerol and one unidentified phosphoglycolipid.
The type strain, H94
T (=CGMCC 1.10800 T =JCM 17555 T ), was isolated from seawater of an amphioxus breeding zone in the coastal region of Qingdao, China. The DNA G+C content of the type strain is 56.2 mol%.
